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GLIIHUHQFH IURP WKH FRQWUROV 3 &RQFOXVLRQV 6KHQTL )X]KHQJ ,QMHFWLRQ FDQ LPSURYH DQG UHJXODWH LPPXQH
IXQFWLRQ RI WKH SDWLHQWV ZLWK ORFDO DGYDQFHG EUHDVW FDQFHU JLYHQ WKH QHRDGMXYDQW FKHPRWKHUDS\ DQG WKHUHIRUH LW
FDQ HQKDQFH WKH FXUDWLYH HIIHFW DQG UHGXFH WKH VLGH HIIHFW DV ZHOO
.H\ ZRUGV %UHDVW FDQFHU 1HRDGMXYDQW FKHPRWKHUDS\ 6KHQTL )X]KHQJ ,QMHFWLRQ &HOOXODU LPPXQLW\
6KHQTL )X]KHQJ ,QMHFWLRQ LV FRPSRVHG RI WZR
&KLQHVH FUXGH GUXJV 'DQJ 6KHQ  ܮ খ 5DGL[
&RGRQRSVLV DQG +XDQJ 4L 咘㡾 5DGL[ $VWUDJDOL
%RWK RI WKHP FDQ HQKDQFH WKH LPPXQH IXQFWLRQ RI
KXPDQ ERG\ 7KH QHRDGMXYDQW FKHPRWKHUDS\ DOVR
FDOOHG SUHRSHUDWLYH FKHPRWKHUDS\ KDV WKH PHULWV VXFK
DV GHFUHDVLQJ WKH WXPRU VWDJH DQG HQKDQFLQJ WKH
RSHUDELOLW\ DQG WKH VXUYLYDO UDWH 1RZDGD\V WKH
QHRDGMXYDQW FKHP RWKHUDS\ KDV EHHQ DGRSWHG IRU WKH
WUHDWPHQW RI EUHDVW FDQFHU HVSHFLDOO\ IRU WKH ORFDO
DGYDQFHG EUHDVW FDQFHU  )URP -DQXDU\  WR
'HFHPEHU   SDWLHQWV ZLWK VWDJH ,,E,,, EUHDVW
FDQFHU ZHUH WUHDWHG ZLWK WKH QHRDGMXYDQW
FKHPRWKHUDS\ 7KLV VWXG\ LV GHVLJQHG WR HYDOXDWH WKH
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
FOLQLFDO HIIHFWV RI 6KHQTL )X]KHQJ ,QMHFWLRQ LQ WKH
QHRDGMXYDQW FKHPRWKHUDS\ IRU EUHDVW FDQFHU DQG WKH
HIIHFWV RQ LPPXQH IXQFWLRQ
*(1(5$/ '$7$
'XULQJ WKH SHULRG IURP  WR   FDVHV RI
ORFDO DGYDQFHG EUHDVW FDQFHU DW VWDJH ,,E,,, ZHUH
UDQGRPO\ GLYLGHG LQWR WKH IROORZLQJ WZR JURXSV D
FRQWURO JURXS RI  FDVHV WUHDWHG E\ FKHPRWKHUDS\
DORQH DQG D VWXG\ JURXS RI  FDVHV WUHDWHG E\
FKHPRWKHUDS\ SOXV 6KHQTL )X]KHQJ ,QMHFWLRQ
,Q WKLV VHULHV DOO WKH EUHDVW FDQFHU SDWLHQWV ZHUH
FRPILUHG E\ F\WRORJ\ RU ELRSV\ DQG WKH\ KDG QRW
EHHQ WUHDWHG E\ UDGLRWKHUDS\ FKHPRWKHUDS\ RU
HQGRFULQH WKHUDS\ 7KH NDUQRIVN\ VFRUH IRU DOO RI
WKHP ZDV RYHU  DQG ZLWK QR REYLRXV DEQRUPDO
ILQGLQJV LQ WKH FDUGLDF KHSDWLF DQG UHQDO IXQFWLRQV
7KH JHQHUDO GDWD ZHUH FRPSDUDEOH EHWZHHQ WKH WZR
JURXSV VHH 7DEOH 
7DEOH  *HQHUDO GDWD RI WKH WZR JURXSV
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\HDUV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1HRDGMXYDQW FKHPRWKHUDS\ 7KH SDWLHQWV RI ERWK
JURXSV ZHUH JLYHQ WKH &() UHJLPHQ &7;  PJ
P G  (3,  PJ P G  )X  PJ P G
 ZLWK  GD\V DV RQH F\FOH $QG DOO RI WKHP
XQGHUZHQW WKH PRGLILHG UDGLFDO PDVWHFWRP\ DIWHU WZR
F\FOHV RI WKH QHRDGMXYDQW FKHPRWKHUDS\ %XW IURP
WKH ILUVW GD\ RI FKHPRWKHUDS\ WKH VWXG\ JURXS ZDV
DGGLWLRQDOO\ JLYHQ LQWUDYHQRXV GULSSLQJ RI 6KHQJTL
)X]KHQJ ,QMXHFWLRQ  PO RQFH D GD\ GXULQJ WKH
WZR F\FOHV RI FKHPRWKHUDS\
7KH ,QGH[V EVHUYHG
 0HDVXUH DQG FRPSDUH WKH PD[GLDPHWHU DQG
YHUWLFDO GLDPHWHU ZLWK RQH RI WKH WKUHH PHWKRGV
SK\VLFDO H[DPLQDWLRQ %XOWUDVRQRJUDSK\ RI WKH
PDPPDU\ JODQG RU UDGLRJUDSK\ ZLWK PRO\EGHQXP
WDUJHW WXEH EHIRUH DQG DIWHU WKH QHRDGMXYDQW
FKHPRWKHUDS\ ZLWK UHH[DPLQDWLRQ JLYHQ DIWHU HDFK
F\FOH RI WKH FKHPRWKHUDS\ DQG WKHQ HYDOXDWH WKH
FOLQLFDO FXUDWLYH HIIHFW 7KH SRVWRSHUDWLYH HYDOXDWLRQ
LV EDVHG RQ WKH SDWKRORJLFDO ILQGLQJV
 (YDOXDWH WKH JHQHUDO FRQGLWLRQ DQG GLVHDVH VWDJH
E\ URXWLQH SK\VLFDO H[DPLQDWLRQ EORRG H[DPLQDWLRQ
LQFOXGLQJ EORRG SLFWXUH KHSDWLF DQG UHQDO IXQFWLRQ
(&* ;UD\ DEGRPLQDO %XOWUDVRQRJUDSK\ DQG ERQH
VFDQQLQJ EHIRUH WKH QHRDGMXYDQW FKHPRWKHUDS\ DQG
RSHUDWLRQ ZLWK UHH[DPLQDWLRQ GRQH RQH GD\ EHIRUH
DQG RQH ZHHN DIWHU HDFK F\FOH RI WKH FKHPRWKHUDS\
 ,PPXQRORJ\ LQGH[ 7KH 7O\PSKRF\WH VXEVHWV
&'ˇ &'ˇ &'ˇDQG &'ˇ&'ˇ ZHUH PHDVXUHG
E\ )ORZ &\WRPHWU\ DQG WKH DFWLYLW\ RI 1. FHOOV
&'ˇ ˇ  E\ +7G5 DQG DOO WKH LQGH[HV ZHUH
PHDVXUHG RQFH EHIRUH DQG DIWHU WKH WUHDWPHQW
&ULWHULD IRU WKHUDSHXWLF HIIHFWV
7KH FULWHULD VXJJHVWHG E\ 8,&& ZHUH DGRSWHG 
3DWKRORJLFDO FRPSOHWH UHPLVVLRQ S&5 1R LQYDVLRQ
RI FDUFLQRPD FHOOV ZDV IRXQG LQ WKH SULPDU\ WXPRU
UHJLRQ  &OLQLFDO FRPSOHWH UHPLVVLRQ F&5 7KH
WXPRU FRPSOHWHO\ GLVDSSHDUHG LQ FOLQLFDO H[DPLQDWLRQ
&OLQLFDO SDUWLDO UHPLVVLRQ F35 7KH SURGXFW RI PD[
GLDPHWHU DQG PD[YHUWLFDO GLDPHWHU RI WKH WXPRU
GHFUHDVHG E\ DW OHDVW  6WDELOL]DWLRQ RI WKH GLVHDVH
6' 7KH SURGXFW RI PD[GLDPHWHU DQG PD[YHUWLFDO
GLDPHWHU RI WKH WXPRU GHFUHDVHG E\ OHVV WKDQ  RU
LQFUHDVHG E\ OHVV WKDQ  3URJUHVVLRQ RI WKH GLVHDVH
3' 7KH SURGXFW RI PD[GLDPHWHU DQG PD[YHUWLFDO
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
GLDPHWHU RI WKH WXPRU LQFUHDVHG E\ PRUH WKDQ 
7KH UHPLVVLRQ UDWH  FRPSOHWH UHPLVVLRQ  SDUWLDO
UHPLVVLRQ 7KH WR[LF VLGH HIIHFWV FDQ EH GLYLGHG LQWR
JUDGH ǃ,ǃ,,ǃ,,, DQG ,9 DFFRUGLQJ WR WKH $FXWH DQG
6XEDFXWH 7R[LFLW\ *UDGLQJ 6WDQGDUGV IRU WKH
&KHPRWKHUDS\ 'UXJV VWLSXODWHG E\ :+2 ZKLFK
ZHUH HYDOXDWHG DIWHU HDFK F\FOH RI WKH QHRDGMXYDQW
FKHPRWKHUDS\
6WDWLVWLFDO SURFHVVLQJ
7KH 6366  VWDWLVWLFDO VRIWZDUH ZDV XVHG IRU
SURFHVVLQJ RI WKH H[SHULPHQWDO GDWD Ȥ WHVW DQG W WHVW
ZHUH DGRSWHG IRU WKH LQWHUJURXS FRPSDULVRQ RI WKH
PHDQ YDOXHV ZLWK 3 FRQVLGHUHG WR EH
VLJQLILFDQWO\ GLIIHUHQW
5(68/76
 6KRUWWHUP WKHUDSHXWLF HIIHFWV RI WKH QHRDGMXYDQW
FKHPRWKHUDS\ VHH 7DEOH 
1R SURJUHVVLRQ RI WKH GLVHDVH ZDV IRXQG LQ ERWK RI
WKH WZR JURXSV 7ZR FDVHV RI WKH VWXG\ JURXS DQG RQH
FDVH RI WKH FRQWURO JURXS VKRZHG SDWKRORJLFDO
FRPSOHWH UHPLVVLRQ S&5 7KH WRWDO UHPLVVLRQ UDWH
55 ZDV   LQ WKH VWXG\ JURXS DQG
  LQ FRQWURO JURXS ZLWK D VLJQLILFDQW
GLIIHUHQFH EHWZHHQ WKH WZR JURXSV Ȥ 
3    ,Q VWXG\ JURXS FRPSOHWH UHPLVVLRQ
ZDV IRXQG LQ  FDVHV  SDUWLDO UHPLVVLRQ 35
LQ  FDVHV  DQG VWDELOL]DWLRQ RI WKH GLVHDVH LQ
 FDVHV  :KLOH LQ WKH FRQWURO JURXS  FDVHV
 KDG FRPSOHWH UHPLVVLRQ  FDVHV  KDG
SDUWLDO UHPLVVLRQ DQG  FDVHV  ZLWK
VWDELOL]DWLRQ RI WKH GLVHDVH
7DEOH  7KH WKHUDSHXWLF HIIHFWV LQ WKH WZR JURXSV
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 &KDQJHV LQ 7O\PSKRF\WH VXEVHWV EHIRUH DQG DIWHU
WKH QHRDGMXYDQW FKHPRWKHUDS\ VHH 7DEOH 
$IWHU WZR F\FOHV RI WKH WUHDWPHQW WKH QXPEHU RI ERWK
WKH 7 O\PSK\F\WHV DQG 1. FHOOV GHFUHDVHG LQ WKH
FRQWURO JURXS %XW LQ WKH VWXG\ JURXS DOO WKH QXPEHU
RI &' ˇ  &' ˇ  &' ˇ &' ˇ DQG WKH 1. FHOOV
LQFUHDVHG LQ YDU\LQJ GHJUHHV VKRZLQJ VLJQLILFDQW
GLIIHUHQFH ZLWK WKH FRQWURO JURXS 3
7DEOH 7O\PSKRF\WH VXEVHWV EHIRUH DQG DIWHU QHRDGMXYDQW FKHPRWKHUDS\
LQ WKH WZR JURXSV  fV[
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 7R[LF HIIHFWV
7KH PDMRU SUREOHPV FDXVHG E\ FKHPRWKHUDS\ DUH
ERQH PDUURZ GHSUHVVLRQ DQG WKH JDVWURLQWHVWLQDO
UHDFWLRQV +RZHYHU QR WR[LF UHDFWLRQV RI JUDGH ,9
ZHUH IRXQG LQ ERWK WKH WZR JURXSV ,Q VWXG\ JURXS RI
 FDVHV QHXWURSHQLD DSSHDUHG LQ  FDVHV 
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
ZLWK JUDGH ,,,,, QHXWURSHQLD IRXQG LQ  FDVHV ZKLOH
WKH RFFXUUHQFH UDWH LQ WKH FRQWURO JURXS ZDV 
 ZLWK JUDGH ,,,,, QHXWURSHQLD IRXQG LQ 
FDVHV 7KH GLIIHUHQFH ZDV VLJQLILFDQW EHWZHHQ WKH WZR
JURXSV 3 *&6) VXSSRUW ZDV UHTXLUHG LQ
  RI WKH SDWLHQWV LQ WKH VWXG\ JURXS DQG
LQ   RI WKH FRQWURO JURXS $QHPLD ZDV
IRXQG LQ  RI WKH SDWLHQWV  LQ WKH VWXG\
JURXS ZLWK JUDGH ,,,,, DQHPLD IRXQG LQ  FDVHV
ZKLOH LQ WKH FRQWURO JURXS RI  FDVHV DQHPLD
DSSHDUHG LQ  FDVHV  ZLWK JUDGH ,,,,,
DQHPLD IRXQG LQ  FDVHV 7KH GLIIHUHQFH ZDV
VLJQLILFDQW EHWZHHQ WKH WZR JURXSV 3 7KH
RFFXUUHQFH UDWH RI WKURPERF\WRSHQLD ZDV VLPLODU LQ
WKH WZR JURXSV 3!
,Q WKH VWXG\ JURXS WKH JDVWURLQWHVWLQDO UHDFWLRQV
DSSHDUHG LQ  RI WKH  FDVHV  ZLWK JUDGH ,,
,,, WR[LF UHDWLRQV IRXQG LQ  FDVHV  ,Q WKH
FRQWURO JURXS WKH JDVWURLQWHVWLQDO UHDFWLRQV DSSHDUHG
LQ  RI WKH  FDVHV  ZLWK JUDGH ,,,,, WR[LF
UHDFWLRQV IRXQG LQ  FDVHV  7KH GLIIHUHQFH
ZDV VLJQLILFDQW EHWZHHQ WKH WZR JURXSV 3
',6&866,21
$OWKRXJK WKH GUXJV XVHG LQ FRQYHQWLRQDO FKHP
RWKHUDS\ FDQ HIIHFWLYHO\ VXSSUHVV RU GHVWUXFW WKH
WXPRU FHOOV WKH WR[LF VLGH HIIHFWV DQG WKH GUXJ
UHVLVWDQFH LQGXFHG DUH WKH PDMRU FOLQLFDO SUREOHPV
6LQFH V WKH QHRDGMXYDQW FKHPRWKHUDS\ KDV EHHQ
DGRSWHG IRU V\VWHPLF WUHDWPHQW RI WKH EUHDVW FDQFHU
ZKLFK FDQ UHGXFH WKH WXPRU VL]H GHSUHVV WKH WXPRU
FHOO DFWLYLW\ DQG SUHYHQW WKH WXPRU FHOOV IURP
GLIIXVLRQDO WUDQVIHUULQJ $QG D SURSHU XVH RI &KLQHVH
PHGLFLQH PD\ QRW RQO\ LQKLELW WKH WXPRU FHOO JURZWK
EXW DOVR HQKDQFH WKH ERG\
V LPPXQH IXQFWLRQ
SURPRWH WKH UHFRYHU\ RI WKH ERG\
7KH PDLQ LQJUHGLHQWV RI 6KHQTL )X]KHQJ ,QMHFWLRQ DUH
'DQJ 6KHQ ܮখ 5DGL[ &RGRQRSVLV DQG +XDQJ 4L
咘㡾 5DGL[ $VWUDJDOL 7KH PRGHUQ UHVHDUFKHV KDYH
GHPRQVWUDWHG WKDW DVWUDJDOXV PRQJKROLFXV
SRO\VDFFKDULGH H[WUDFWHG IURP +XDQJ 4L PD\ VKRZ
DQWLWXPRU HIIHFW E\ UHJXODWLQJ WKH LPPXQH V\VWHP
ZLWK QR F\WRWR[LFLW\ LW GRHV QRW GLUHFWO\ NLOO WKH
WXPRU FHOOV EXW UHJXODWH WKH V\VWHPLF LPPXQH V\VWHP
E\ SURPRWLQJ WKH IRUPDWLRQ RI DQWLERGLHV DQG WKH
VHFUHWLRQ RI F\WRNLQH VR DV WR LPSURYH WKH FHOOXODU
LPPXQH IXQFWLRQ DQG FHUWDLQ QRQVSHFLILF LPPXQH
IXQFWLRQ $QG LW KDV EHHQ SURYHG WKDW &RGRQRSVLV
SLORVXOD SRO\VDFFKDULGH H[WUDFWHG IURP 'DQJ 6KHQ
FDQ REYLRXVO\ LQKDQFH WKH KXPRUDO LPPXQLW\ DQG
LPSURYH WKH FHOOXODU LPPXQH IXQFWLRQ LQ D ORZ GRVH
DGPLQLVWUDWLRQ LQ WKH PLFH PRGHO RI KHPRO\WLF
DQHPLD LW FDQ LQFUHDVH WKH SHULSKHUDO KHPRJORELQ
OHYHO DQG LQ WKH &RUD\ LUUDGLDWHG PLFH LW FDQ
SURPRWH WKH VSOHHQ HQGRJHQRXV QRGH IRUPDWLRQ
&KHPRWKHUDS\ ZLWK 6KHQTL )X]KHQJ ,QMHFWLRQ JLYHQ
DW WKH VDPH WLPH FDQ HQKDQFH WKH DQWLWXPRU DFWLYLW\
ZLWK DQ LQFUHDVHG FKHPRVHQVLWLYLW\ ,W KDV EHHQ
FRQILUPHG WKDW 6KHQTL )X]KHQJ ,QMHFWLRQ FDQ UHGXFH
WKH GDPDJH WR WKH OLYHU DQG NLGQH\ FDXVHG E\
FKHPRWKHUDS\ SURWHFW WKH KHPDWRSRLHWLF V\VWHP DQG
HQKDQFH WKH SDWLHQWV¶ WROHUDQFH WR FKHPRWKHUDS\ 
,Q WKH SUHVHQW VWXG\ WKH FRXQW RI 7O\PSKRF\WH
VXEVHWV DQG WKH 1. FHOOV GHFUHDVHG LQ WKH FRQWURO
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